Intramanchette transport (IMT): managing the making of the spermatid head, centrosome, and tail.
Intramanchette transport (IMT) and intraflagellar transport (IFT) share similar molecular components: a raft protein complex transporting cargo proteins mobilized along microtubules by molecular motors. IFT, initially discovered in flagella of Chlamydomonas, has been also observed in cilia of the worm Caenorhabditis elegans and in mouse ciliated and flagellated cells. IFT has been defined as the mechanism by which protein raft components (also called IFT particles) are displaced between the flagellum and the plasma membrane in the anterograde direction by kinesin-II and in the retrograde direction by cytoplasmic dynein 1b. Mutation of the gene Tg737, encoding one of the components of the raft protein complex, designated Polaris in the mouse and IFT88 in both Chlamydomonas and mouse, results in defective ciliogenesis and flagellar development as well as asymmetry in left-right axis determination. Polaris/IFT88 is detected in the manchette of mouse and rat spermatids. Indications of an IMT mechanism originated from the finding that two proteins associated with the manchette (Sak57/K5 and TBP-1, the latter a component of the 26S proteasome) repositioned to the centrosome and sperm tail once the manchette disassembled. IMT has the features of the IFT machinery but, in addition, facilitates nucleocytoplasmic exchange activities during spermiogenesis. An example is Ran, a small GTPase present in the nucleus and cytoplasm of round spermatids and in the manchette of elongating spermatids. Upon disassembly of the manchette, Ran GTPase is found in the centrosome region of elongating spermatids. Because defective molecular motors and raft proteins result in defective flagella, cilia, and cilia-containing photoreceptor cells in the retina, IMT and IFT are emerging as essential mechanisms for managing critical aspects of sperm development. Details of specific role of Ran GTPase in nucleocytoplasmic transport and its relocation from the manchette to the centrosome to the sperm tail await elucidation.